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The Effect of Diet on Survival and Rate of Growth
of the Firebrat, Thermobia domestica Packard.

The Firebrat is an economic insect of considerable im¬
portance, and is a member of a group of insects (Lepismatidae)
commonly known as "silverfish" or "slickers".
wingless insect,

It is a small

silver gray in color, and about one third of

an inch long, with three long slender projections at the post¬
erior end of the body.

"Silverfish" feed on starch and are

particularly injurious to books, book-bindings, and wallpaper;
to a lesser degree they attack starched clothing,

carpets,

plush coverings of furniture, and window shades (Turner, 1937).
The importance of the knowledge of the nutrition of
these insects is threefold.

First,

from a study of the feed¬

ing habits more efficient control measures may be worked
out.

Second, the results obtained contribute to the knowl¬

edge of insect nutrition as a whole.

Third, it may provide

some indication as to whether insects can be used in re¬
search in human nutrition.
Insect nutrition involves study of both beneficial and
harmful species; consequently one might expect to find a
vast amount of information available in this field.
ever, this is far from the case.

How¬

Uvarov (1928), in his sum¬

mary of insect nutrition and metabolism,
of the general problem very clearly;

states the condition

"The first glance at

the summary •.. may give the impression that a very large amount of work has been done on the problem ... but when all of

the data available on each particular subject are put together
it becomes clear that very few points have been touched and
that the results achieved are but a drop in contrast with the
ocean of unknown phenomena".
The following illustrations serve to indicate control
possibilities that may be realized after a more thorough
knowledge of insect nutrition is available.
Savastano

(1914)

found that the sweet varieties of cit¬

rus fruits were more heavily infested with the Mediterranean
fruit fly,

Ceratatis capitata Wied.,

ieties of fruits.

Also Uvarov (1928)

important insect is the codling moth,

than were the acid var¬
states,

"Another highly

Carpocapsa pomonella L..

which attacks different varieties of apples to a very unequal
degree, but no attempt has so far been made to study the con¬
nection between the chemical properties of the fruit and their
ddgree of resistance against the insect".

Both of these cases

may not necessarily be nutritional problems,

i.e., where the

insects obtain a substance from one type of fruit which is ab¬
sent in the other, but may be merely problems of chemical at¬
traction.

The possibility of their being nutritional prob¬

lems, however,

cannot be overlooked.

Some experiments have been undertaken to determine what
substance or substances must be present or absent to make one
species of tree more attractive to the insect than another
species of tree.
ple aphis,

Muller (1926), working with the woolly ap¬

found that if he introduced water solutions of

pyridine or aluminum sulfate into the branches of apple trees,
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the aphids would leave the branch.

Aluminum sulfate was

most effective when applied in weak solutions (1/10,000),
while pyridine was quite effective and wholly harmless to
the plant.
Recently,

the question of whether insects are suitable

organisms for research in human nutrition has been raised.
They are easier and more economical to raise than are rats,
and might be more sensitive to smaller amounts of substances
in the diet.

This last point is very clearly confirmed by

the work of Sweetman

and Palmer (1928).

of vitamins on the confused flour beetle,
Duval,

Studying the effect
Tribolium confusum

they found that in order to obtain diets of wheat meal,

on which insects would show a negative reaction to vitamin B,
it was necessary to extract with alcohol twenty times as long
as for a diet on which rats would show a negative response to
vitamin B.

This would indicate that insects are twenty times

as sensitive to the presence of vitamin B as rats.

Review and Summary of the Literature of Insect
Nutrition.

B. P. Uvarov made a summary of the knowledge of insect
nutrition up to 1927.

The following statement written by the

Secretary of the Committee of Civil Research of the Imperial

Bureau of Entomology of Great Britain is quoted from the pref¬
atory note.
"

...,at the same time the Sub-committee directed their at¬

tention to other nutritions] problems,

the elucidation of

which might throw interesting light on the work already in
hand.

In particular they desired to examine the question of

the nutrition of insects.
existed no genera]

The Sub-committee found that there

conspectus of the work already done in this

field and they therefore asked the Empire Marketing Board to
invite the Imperial Bureau of Entomology to arrange for the
scattered literature of the subject to be collected,
cipal points summarized,

the prin¬

and a full bibliography compiled.

Dr. Marsha]] kindly agreed to give the necessary facilities
for this work to be undertaken by Mr. B. P. Uvarov.”
To facilitate the handling of the information available
on the subject, both from Uvarov and others,

this summary

has been divided into sections as follows;
A.

Carbohydrates

B. Proteins
C. Fats
D. Mineral elements
E. Vitamins
F. Microorganisms
A. Carbohydrates.
Carbohydrates alone,

under certain conditions,

quate for the survival of adult insects,
butterflies and moths (Kenjukov,

1927),

are ade¬

vide the case of adult
and the case of adult

flies

(Vinokurov,

1922),

Plies,

however, must obtain ni¬

trogen from their diets for the development of their genital
products.

Recent work hy Haydak (1935,

immature insects, specifically bees,

1937)

indicates that

can live for a long time

on diets of pure carbohydrates, but that pollen must be added
to the diet if they are to develop and reproduce normally.
Hendee

(1935) has found that termites can live and grow on

pure cellulose, but only if a certain species of fungus is
present.

Because the fungus supplies proteins and possibly

vitamins in the B complex,

this is not a true case of insects

living through a complete life cycle on a pure carbohydrate
diet.
Experiments by Guyenot (1917)

indicate that carbohydrates

may serve as a stimulus to oviposition but that the eggs so
laid do not develop.

From his work he draws the further con¬

clusion that carbohydrates are probably a factor in prolonging
adult life.
Phillips

(1927),

experimenting on the duration of life of

the honey bee on diets of various carbohydrates in artificial
environments obtained the following results:
Kind of food.

Length of life in days.

Ho food. .. 1.7 - 4
Laevulose.. 8.9
Glucose.....

8.3

Trehalose... 8.0
Sucrose.

7.6

Maltose

6.9
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Bertholf (1927), working with, the larvae of the honey bee
in similar experiments,

obtained the following results:

Kind of food

Length of life in days

Glucose.
Laevuloee
Maltose

.

.

Melizitose
Dextrose

.

.

Trehalose

.

Dextrin.....
Galactose
Lactose
Glycogen

.

.
.. 1.1

Distilled wTater .
Starch .
Glycogen and starch had no more food value than distilled
water, probably because of the lack of the corresponding
enzymes in the insect.
Fulton and Chamberlin (1934),
feeding of the beet leaf-hopper,
ides were fed alone,

working on the artificial

found that if monosacchar¬

the amount of body fat increased and

finally metabolic disturbances resulted in death.

These ex¬

periments were carried on with adult insects.
Brown (1930), working on the utilization of hexose carbo
hydrates by Automeris larvae (Lepidoptera),

found that only

hexose sugars and disaccharides are utilized by these insects
Starch is not digested.*

Shimoda (1951)

found that starch was digested only in cer¬

tain races of silkworms.

In other races,

Shimoda stated that

the blood contained a desamidase which synthesized carbohydrates
from proteins.

Wilson (1933), working with the starch content

of wood in relation to its resistance to insect attack,

found

that Lyctus beetles infest only timber in which starch is pre¬
valent and that the beetle and its larvae live entirely on
starch.
Recently Hemeth (1931), made the observation that pyroracemic acid was a specific source of food and energy.
From this limited summary,

it seems probable that insects

cannot live on carbohydrates alone; moreover, no work has been
done to prove that carbohydrates are necessary in the nutrition
of insects.
B. Proteins.
There have been many experiments carried on to determine
whether or not proteins are necessary in the diet of insects,
and if so, which are essential.

The results to date are very

interesting; a large number of insects are able to dispense
with protein, but only in the adult stage.

Thus, adult butter¬

flies and moths feed exclusively on flower nectar which contain
very little nitrogen; moreover,
their food,

if nitrogen were present in

they would be unable to utilize it, because of their

lack of digestive enzymes for proteins (Nenjukov,

1927). Ob¬

viously their genital products must be developed at the expense
of reserve proteins accumulated in the larval stage.
of flies is very similar.

The case

Roubaud (1922), made the statement

that houseflies can live for a long time on a diet devoid of
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nitrogen, Bov/ever,

food containing this element must be ob¬

tained before eggs are laid.

Recently, Liackerros (1933) made

the observation that protein was necessary for the maturation
of the ova but not spermatozoa.
The above observations were confined to adult insects;
the case of immature insects is quite different.
(1928),

Zabinski

in working with immature cockroaches, proved definite¬

ly that nitrogen was essential for the normal development of
these insects.

Furthermore, Y/ong (1931).

found that a protein

supplement to a diet of mulberry leaves proved very beneficial
to silkworms.

The kind of protein was not determined.

Experiments have been carried out to determine the effect
of nitrogenous compounds more simple than proteins.
binski

(1928)

found that tyrosine and tryptophane were un¬

necessary in the diet of cockroaches.
cockroaches,

Thus Za-

He further found that

fed on a diet containing glycocoll as the protein

element would reach maturity, but only after a much longer
time than those in the controls.
Loeb

(1915),

found that larvae of Drosophila were able to

satisfy their nitrogen requirements by feeding on such simple
nitrogenous compounds as alanine or glutamic acid.
were not excluded;

Bacteria

consequently they may have played an im¬

portant part in the nutrition of the larvae.
working with larvae of Calliphora,
to a diet of peptone, meat extract,

found that trypsin,

added

starch and mineral elements,

stimulated grov;th to a marked degree.
working with flesh-fly larvae,

Bogdanow (1908),

Michelbacher (1932),

found that "technical" casein

gave good growth whereas "vitamin-free* casein did not.
addition of yeast, mineral

salts,

The

and butter or codliver oil

gave good results.
Honey bees make great use of the effect of nitrogen in
the diet since the larvae which are to be queens are fed on a
diet high in nitrogen while the drone and worker larvae are
fed on a diet low in nitrogen.
From the preceding summary,

it appears that nitrogen can

be dispensed with only in the stages in which little tissue is
formed,
C, Fat.
Very little work has been done on the value of fat in in¬
sect nutrition,
that fats
tin,

etc.)

Guyenot

(butter,

(1917), working with Drosophila,

tributyrine,

triolein,

tristearin,

added to the usual nutrition media,

found

tripalmi-

induced the lar¬

vae to develop abnormally.
Sweetman and Palmer (1928),

in their work on the vitamin

requirements of insects,found that the growth rate of the spe¬
cies of insect that they used (Tribolium confusum Duval.

could

be greatly accelerated by the addition of a fat with or without
vitamin A.
Hoog (1935),

found that fat could be replaced in the diet

of Drosophila with an unsaponifiable fraction.
1935a,

Hobson (1935,

1935b), working along the same lines but with a diffe¬

rent species of insect, namely blow-fly larvae,

found that a

fat-soluble growth factor (cholesterol) was necessary.
Haydak (1936),

trying to determine whether wax was a nec-

essary constituent of the diet of the wax moth larvae,

ob¬

served that the larvae developed best on a diet which was sa¬
tisfactory for rats.

This indicates that the wax moth does

not need wax to develop.
From the preceding summary, we find that in some cases
certain forms of fat are necessary in the nutrition of insects.
Up to the present time,

however,

isolated is cholesterol ,

the only factor which has been

and that in the case of only one spe¬

cies of insect.
D. Mineral Elements.
Very little work has been done on the mineral requirements
of insects.

Some general experiments follow:

Bogdanow (1908),

when breeding larvae of Calliphora on an

artificial medium consisting of peptone, meat extract,
starch,

and

also added some salts of calcium, magnesium, potassium,

iron and phosphorous.

He records that the addition of salts

had some effect; but the results were rather contradictory.
Ho particularly beneficial effect from the addition of salts
was noted.
Loeb

(191b).

raised five successive generations of normal

Brosophila on an artificial medium consisting of grape sugar,
cane sugrr,

ammonium tartrate,

citric acid,

gen phosphate, magnesium sulfate end water.

dipotassium hydro¬
The experiments

proved that sodium and calcium chlorides are not absolutely
necessary.

Control experiments show that without potassium

or phosphoric acid,

larvae cannot be raised.

Also no flies

could be raised when sodium was substituted for potassium.

//
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Without magnesium i.e.,
acid,

with only potassium and phosphoric

occasionally a few flies developed.

The mortality was

decreased by the addition of magnesium sulfate.
Cavazza (1913,

1913a,

1917),

in a series of experiments,

fed silkworms on mulberry leaves sprayed with various chemicals,
and observed the effects on both the development of the first
generation and on their progeny.

All

substances experimented

with (caustic potash, hydrochloric acid, potassium chloride,
ferrous sulfate, mercury sublimate)
body weight of the larvae.

caused a reduction of the

Some substances (hydrochloric acid,

cobalt chloride) may result in an increase in the number of molts,
but only when the concentration used is one molar or greater.
Acids generally caused an extension of the larval and pupal
periods.

All the substances produced a reduction in the weight

of the pupae;

in some cases an increase in the weight of the

adult was observed.

A connection was detected between the effect

of chemicals on the larvae during their development and the egg
production of the raeuJting moths.
rous sulfate,

copper sulfate,

mortality of the larvae

Thus ferrous chloride,

fer¬

and caustic soda produced a great

(86-98?*), but the egg.production of the

surviving moths increased; potash also increased the fecundity
of adults, but hydrochloric acid, potassium chloride, mercuric
chloride and cobalt chloride reduced the number of eggs laid.
The treatment has also some apparent influence on the percent¬
age of sexes in the next generation.

The normal proportion is

100.5 males to 100 females, but in the experiments,
ing numbers of males to 100 females v/ere obtained:

the follow¬
caustic po-

12—
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tassiu,

150;

caustic soda, 133; ferrous sulfate,

Linden (1899),

110.

experimenting with feeding larvae of Van¬

essa urticae with nettle leaves dipped into various solutions
of chemicals, observed that ferrous albuminate and silver case¬
inate had a stimulating effect on the growth of caterpillars.
The author, however, admits that the effect may have been pro¬
duced, not by the metals, but by the proteins.
Aphids,

feeding on plants receiving certain salt solutions,

were supposed by Clarke (1903) to represent a special case of
the influence on insects of mineral elements in the food.

He

was the first to note that in rose aphids (Nectarophora rosae),
bred on rose cuttings placed in sand and moistened with solu¬
tions of magnesium chloride, magnesium sulfate, potassium phos¬
phate,

sodium acid phosphate, and distilled water,

there were

apparently differences in the percentages of individuals ac¬
quiring fully developed wings.

Using water and phosphates only

two to three per cent of the individuals were winged.
on cuttings treated with magnesium salts,
92 per cent were winged.

Of those

from 72 per cent to

These results were confirmed by Shin-

gi (1918), Haviland (1921),

and Heiils (1912).

Shingi experi¬

mented with a number of substances and found that the chloride
salts of the alkalies (sodium, potassium,

etc.) and alkaline

earths (calcium, but not magnesium) may be classified as non¬
wing-developing substances, while the salts of the heavy metals
and of magnesium belong to the wing developing group.

The

amount of magnesium salts necessary to produce winged aphids
is very small e.g.,

•01 M solution of magnesium sulfate.

Ackermann contradicted

the above results (1926).

Experi¬

menting with Khopalogipharn prunifoliae reared on oat seed.f

lings growing in various salt solutions, he came to the con¬
clusion that wing production is not dependent upon the salts
in the water obtained by the plants.
Recently Rivnay (1937),
aphid,

working with the black citrus

found that the water balance in the body,

enced by light,

temperature,

and growth of the plant,
development.

as influ¬

crowding, humidity, precipitation,

is the factor which influences wing-

This observation suggests that salt solutions

control wing development only indirectly,

by varying the water

balance of the body.
Only the following observations are available on the spe¬
cific mineral

requirements of insects.

need calcium in the diet
(1933),

(Reznitchenko,

observed that the mosquito,

need iron.

Hobson,

(1935)

phosphorus and potassium.

Drosophila does not
1927). De Boissezon

Culex pipiens,

does not

found that blow-fly larvae need
Kelson (1935)

found that the flour

beetle, Tribolium confusum Duval, needs phosphorus.
By actual experiment,

the only minerals which have been

found essential in insect nutrition are phosphorus, potassium,
iron,

and magnesium.

E. Vitamins.
Recent advances in the study of the role of vitamins in
the nutrition of man and higher animals could not fail to pro¬
duce interest in the possible value of vitamins in the nutri¬
tion of insects.

It was only natural that the same principles
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and methods adopted in the study of higher animals should he
applied to the studies on insects.
• -*

This may he one of the

causes of the rather contradictory results so far obtained.
Indeed,

it has been assumed by most workers that the same vi¬

tamins are required by higher animals and by insects;
quently,

conse¬

vitamins common in the w?ork on higher animals have

been tested.

The differences in the physiology of insects

and higher animals are so complex that it is possible to ven¬
ture the suggestion that the vitamins required by insects may
be essentially different from those necessary for the higher
animals,

and that their sources may also be very different.

Instead of testing the influence of known vitamins on insects
it might be more interesting to try to separate specific vi¬
tamins for insects.
already known,

and in some cases they apparently are (insects

feeding on flour,
beforehand.

They may prove to be identical with those

see below) but this should not be assumed

Since the diets of insects vary greatly,

it is

posfible that their vitamin requirements differ widely;
sequently,

con¬

any generalizations should be avoided until many

more facts have been accumulated.
A possible explanation of the contradictory character of
the conclusions of different authors on the value of vitamins
in insect nutrition may be that the symbiotic microorganisms
living inside the bodies and even in the cells of insects,
(Portier,

1919),

are a possible source of vitamins.

with unsterilized insects,

Experiments

fed a diet devoid of vitamins,

not produce decisive results.

In a very few cases,

can¬

sterilized

-15insects have been used in experiments, but even in these,
it is not always clear whether any intercallular symbionts
were present.

Sterilization of the digestive tract is usually

considered sufficient to remove the possible source of vitamins
from an insect body, but this is hardly the case.
Since the problem of the value of vitamins in insect nut¬
rition is new, and since summaries of the literature dealing
with them have never been published,

a rather complete review

of the main papers on the subject is presented below.
Most of the work done on the problem was conducted with
the fruit fly Drosophila, which feeds on yeast developing in
fermented fruit and similar substances.
(1910)

Delcourt and Guyenot

found that Drosophila can develop on artificial food with¬

out yeast; later experiments by Guyenot,

recorded below, were

arranged more carefully with more convincing results.

Very

extensive and carefully arranged experiments by Guyenot (1913;
particularly, 1917), with breeding Drosophila ampelophila on
synthetic media, have shown very definitely that no artificial
food is complete unless the substances contained in the filte¬
red autolysate of yeast are added to it.
A series of experiments was arranged to isolate the ac¬
tive elements of the autolysate, without success.

The absence

of a vitamin of yeast is believed to retard the development
of larvae and cause their death.

Horthrup (1926) reared 230

successive generations of Drosophila freed from micro¬
organisms and fed on aseptic dead yeast, but this is

hardly proof that yeast vitamins are not required,

since it

was not proved .that the methods applied for the sterilization
of the yeast were sufficient to ensure the destruction of the
yeast vitamin.

Definite experiments with known vitamins in

the food of Drosophila were arranged by Bacot and Harden
(3922);

the results show that the insect requires the pre¬

sence of vitamin B (yeast), but not that of vitamin C (lemon
juice).
(butter),

Preliminary results of experiments with vitamin A
indicate that the insect is able to develop in the

presence of very small amounts of vitamin A,
absence.

Glaser (1924)

if not in its

attempted to summarize the literature

on the value of microorganisms

in insect nutrition.

conclusion is that microorganisms

His final

may be one of the principal

sources of the accessory growth factors of the larvae of some
flies.
Loeb and Horthrup

(1917)

observed that,

while the larvae

of Prosophila cannot grow on glucose agar unless yeast is add¬
ed,

the adult flies develop on pure glucose agar just as well
\

as on glucose agar and yeast.

This indicates that adults may

be able to dispense with vitamins which are necessary for lar¬
val development.
The flesh-fly,

Calliphora, has also served as an object

for experimental work with vitamins.

wol">man (1919) has bred

sterilized larvae of Calliphora vomitoria on brains sterilized
at 130 degrees C.

for 45 minutes.

Contrary to expectations,

the larvae developed much better than those bred on meat sterilized at 115 degrees C.

In order to test the efficiency of

—17—
the method of sterilizing brains,
made (1919a) on rats,

feeding experiments were

some of which were given rice and ce¬

rebellum sterilized at 134 degrees C., while others received,
in addition,

some larvae of Calliphora bred on the same diet.

The results showed (a)

that not all of the vitamin was de¬

stroyed at 134 degrees C. and (b)

that the larvae contained

an appreciable quantity of vitamins.

Assuming that the. lar¬

vae could not produce vitamins, the author concluded that
they are able to concentrate them while feeding on a diet
very low in vitamins.

In still later experiments (1921, 1922),

the same author conclused that vitamins in food are not abso¬
lutely necessary for the development of Calliphora.
however, are not perfectly convincing,

The facts,

especially since it is

doubtful whether all possible steps have been taken to eli¬
minate all symbiotic microorganisms from the body of the in¬
sects .
The same author (Wollman, 1926)
roach, Blattella germanica.

experimented with the cock¬

Egg capsules of cockroaches were

sterilized by immersion in sublimate solution.
fed from hatching on sterilized food,

The insects,

developed normally, pro¬

ducing a continuous series of generations for five years.
This,

in the author*s opinion, proves that the larvae can dis¬

pense with vitamins.

However,

the method of sterilizing whole

egg capsules may not ensure complete elimination of symbiotic
microorganisms, which may be present, not only on the shells
of individual eggs, but even inside them.
Zabinski (1926,

1928, 1928a) bred cockroaches (B. ger-

manica and B.

oriental is)

vitamins; however,
.

r.

on synthetic diets with and without

the results were contradictory.

In the

+

first report, no difference v/as observed in the rate of growth
on different diets;

in the second (1928),

the rate of growth

with a food without vitamins was slower than that on a diet
with vitamins;

in the third (1928a, published simultaneously

with the second in the same journal)

there was no accelera¬

tion of growth if a complete synthetic diet containing vita¬
mins was supplemented by a small quantity of butter, yeast or
extract of bran,

or if the food were subjected to ultra-vio¬

let rays.
Suggestive data on the vitamin requirements of insects
feeding on flour have been obtained.
(1926)

The paper by Richardson

on the Mediterranean flour moth (Ephestia kuehniella)

is particularly interesting.

The results of his very care¬

fully arranged experiments are as follows:
(1)

In entire wheat flour,

extracted with chloroform,

only a few larvae develop into moth?;
(2)

More effective extraction removes the growth pro¬
moting substance so completely that all the lar¬
vae die at an early age;

(3)

If the extracted material is replaced,

the larvae

grow normally;
(4)

When entire wheat,
anhydrous ether,

is supplemented with an ether ex¬

tract of egg yolk,
(5)

extracted with chloroform or

the larvae grow normally;

The ether-solubl e cart of butter,

as a supplement,

—19—
does not permit growth;
(6)

Butter oil permits growth at a somewhat reduced

» v'

rate;
(7)

Highly milled patent wheat flour causes a re¬
tardation in the growth of larvae and the emerg¬
ing adults attain a weight that is only 50$ to
60$ normal;

(8)

If alcoholic extranet of yeast is added to the
flour,

the rate of growth and the weight of the

resulting moths is increased.
Richardson concludes from these experiments that both ether
and chloroform remove a substance or substances from entire
wheat flour which are similar to,

or identical with, vitamin

A as defined in mammalian nutrition.

Vitamin A,

contained in

egg yolk and butter, promotes the growth of the larvae.

Defi¬

ciency of highly milled flour for growth purposes depends
partly,

at least,

on the low concentration of vitamin B,

the addition of yeast extract improves the growth value.

since
The

normal source of vitamin B for the larvae appears to reside
largely, but not entirely,

in the embryo of the wheat kernel.

The habits of harvesting ants (lessor sp.)

of eating the

germ from the seeds of grasses collected for storage
1912),

(Emery,

further suggests the importance of the wheat germ as

a source of vitamin B. for insects.
Another insect feeding on flour,
has been studied by Chapman (1924),
number of synthetic media.

Tribolium confusum Duval,

who bred the insects on a

A diet containing starch, wheat

<20
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gluten,

vitamin B in dextrin,

and salts,

rate of development as the normal food.

gave almost the same
The same diet,

with-

out wheat germ, produced an almost normal development up to
the time of pupation,

when all the larvae died.

The vitamin

extracted from the wheat germ did not give the same results
that the whole wheat germ gave,
must also

indicating that the latter

e of importance as a source of protein.

Larvae of Tenebrio molitor,

bred by Portier (1919)

on

flour sterilized at 130 degrees C.,. developed at least as
rapidly as the controls, and the author concluded that the
source of vitamins was actually within the insect in the form
of symbiotic intracellular microorganisms.

Passerini

(1925)

found that the larvae of this beetle do not develop on wheat
flour made of grain from which the husks have been removed,
but they do develop rapidly if even a small amount of husks,
or other foodstuffs containing vitamins are added.
Adult' bees survive the entire winter on pure honey,
which,

so far,

in

no vitamins have been discovered (Phillips,

1927) ; hov/ever,

there is no growth or tissue building during

that period.
Abderhalden
of caterpillars

(1919) experimented with the rate of growth
(Deiliphila euphorbiae)

with yeast extract,
(1927)

on plants sprayed

and obtained very large moths.

Kopec

fed larvae of Lymantria dispar on branches of plants

sprayed with cream (vitamin A)

and found the pupae smaller

than normal.
Possibly the failure of Atkin and Bacot (1917)

to breed

.*/
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larvae of the mosquito,

Stegomia fasciata in the a" eence of

bacteria and yeast resulted from a lack of the microo-rgan. •

T.

isms which supply the necessary vitamins.

The problem, how¬

ever, was not studied from this point of view.
Sweetman and Palmer (1928), working with the confused
flour beetle,

Tribolium confusum Duval,

found that there was

a necessary growth-promoting factor similar to that of the vi¬
tamin B of mammalian nutrition.

There was some evidence to the

effect that a plural substance was concerned.

The insects in

question were sensitive to as low as 0,5% of a source of this
growth-promoting substance or substances in the diet.
Hobson (1932),

working v/ith blowfly larvae, in a series of

carefully arranged experiments, found that vitamin

was neces¬

sary.
The only other outstanding contribution to the knowledge
of the requirements of vitamins in insect nutrition was made by
Street and Palmer (1935).
flour beetle,
group,

Working on the requirements of the

Tribolium confusum Duval,

for vitamins in the B

they found that the insect required a heat-stable factor

of autoclaved yeast, but they did not attempt to isolate the
factor at that time.
Other contributions to the knowledge of the subject were
made by Hill (1932) and Hoog (1935).

Hill proved that there

was a sufficient amount of vitamin E in the "royal jelly" of
bees to provide for the normal requirements of rats.
proved that Drosophila does not need vitamins A, D,

Hoog
or E.

Prom the preceding summary it is certain that some in

sects require vitamins in the B group, and in some cases re¬
quire certain un-named factors which have not yet been isolated.
Vitamins A, I), E, are probably not necessary.
E. Microorganisms.
Although wood-eating insects are among the worst enemies of
%

man in that they destroy a vast amount of wood both in the for¬
est and in the home,

it is not known definitely at this time

whether these insects are able to utilize the wood directly,

or

whether they are dependent upon intestinal microorganisms to
break the cellulose down to a more digestible form.
Plateau (1875) and Henseval (1895, 1897) were among the
first to work on the subject.

They were unable to find either

cellulase or amylases in the salivary glands or in the diges¬
tive epithelium of Cossus ligniperda.

Since they found sugar

in the gut they concluded that it must be a product of the di¬
gestive processes of microorganisms.
In 1911, Portier suggested that microorganisms might be
essential in the nutrition of wood-eating insects.

This hypo¬

thesis was substantiated by Jordan (1913), Buchner (1921,
1927, 1928, 1929, 1933),>Cleveland (1924, 1928,
heimer (1925), Yonge (1926),
and Pringsheim (1932).

1934), Oppen-

Campbell (1929), Uvarov (1929),

Recently, however, Ripper (1930) Man-

sour (1930, 1934) and Mansour and Mansour-Bek (1933,

1934) have

contradicted the vast amount of information assembled by these men.
It has been the custom among entomologists to state that
the intestinal protozoa of the termite are an example of true
symbiosis.

The authority usually quoted is Cleveland (1924,
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1928,

1934) who first worked on termites and later on several

species of roaches.
In his earlier experiments (1924,

1928), he removed the

intestinal protozoa by confining the termites for one hour in
an atmosphere of oxygen at a pressure of 60 pounds.

He stated

that this treatment eliminated all of the protozoa hut did not
harm the termites in any way.

Upon this statement rests all

subsequent controversy over the necessity of protozoa in the
nutrition of the termite.

Cleveland then tried to raise the

defaunated termites on diets of pure cellulose and arrived
at the following conclusions:
1.

Ho termites can live indefinitely on cellulose after
their protozoa have been removed;

2.

Some species of termites are more dependent upon their
protozoa than others;

3.

One family Rhinotermitidae,

loses its protozoa very

easily.
In later work (1934),
ferent species of roaches,
esthia.

Cleveland experimented with dif¬
chiefly members of the genus Pan-

In these experiments the protozoa were eliminited by

confining the roaches at a temperature of 30 degrees C.
24 hours.
1.

for

From these experiments he concluded:

Many of the protozoa have cellulose-digesting enzymes
within their bodies;

2.

These enzymes are lacking in the tissues of the roach;

3.

Bacteria are not the chief source of cellulose-digesting
enzymes;

4.

Dextrose is produced from the digestion of cellulose
by the protozoa and is then absorbed in the midgut of
the roach.
Recent work by Ripper (1950), Mansour (1930,

Mansour and Mansour-Bek (1933, 1934)
earlier investigators.

1934), and

contradicts the work of

Ripper found that a number of wood-eat¬

ing insects depend upon digestive secretions alone and that no
microorganisms are present.
Mansour (1930, 1934)
1.

found that:

Two wood-eating bostrychid species have microorganisms,
which, however, are separated from the alimentary tract
in both the larval and the adult stages;

2. Evanescent and empty mycetomes occur;
3.

In Baris granulipennsi.

an atrophic curculionid,

intra¬

cellular microorganisms are present but leave the host
soon after emergence.
From these facts he concludes that microorganisms are not
necessary in the nutrition of these ppecies.
Mansour and Mansour-Bek (1933,

1934) state that they dis¬

agree with Cleveland’s conclusions for the following reasons:
"1.

The relation between certain insects and the intra¬
cellular microorganisms they harbor is obscure and
cannot be described as symbiotic for the following
reasons;
a.

Sterile mycetomes are known to occur in some
species closely related to others with heavily
infected mycetomes;
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b. Defaunation experiments have been carried out
successfully without harmful effects to the host
insect.
2.

Intracellular microorganisms in xylophagous insects can¬
not be considered to play an important role in the diges¬
tion of wood for the following reasons;
a.

The intracellular microorganisms of certain wood¬
eating weevils pass only into the lumen of the gut
of the host during the adult stage when the insect
is not feeding on wood;

b.

Some species of wood-eating insects harbor intra¬
cellular microorganisms,

while closely related

species with similar feeding habits are free
from these;
c.

The intracellular microorganisms of some wood¬
eating forms have been cultivated in vitro and
found to be unable to break down cellulose.

3.

The relatively high content of nitrogenous substances
in different kinds of wood,

and the general occurrence

of proteolytic enzymes in insects make superfluous the
assumption that intracellular microorganisms fix atmos¬
pheric nitrogen for the use of their hosts.
4.

The extracellular intestinal microorganisms of certain
lamellicorn larvae and of some termites play no role in
breaking down cellulose for the use of their host.
are utlized as a direct food source.

They

Such insects are

better referred to as microorganism-feeders.

2L
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5.

True wood-eating insects derive the necessary carbo¬
hydrates from the wood they live on through the activ¬
ity of their own enzymes.

The enzyme complex in such

insects has been found to vary from species to species.
6.

The carbohydrate components in wood vary in different
kinds of wood.

7.

Some true wood-eating forms depend upon starch and su¬
gars for their source of carbohydrates.

Such insects

have no cellulase and can consequently live only in va¬
rieties of wood comparatively rich in starch and sugars.
8.

Other wood-eating forms secrete cellulase and therefore
ere able to live in varieties of wood comparatively poor
in starch and soluble sugars.

9.

The occurrence of hemicellul ase has been demonstrated
only in a very few cases and the value of the hemicelluloses for food for wood-eating insects has not been
thoroughly investigated.”
Since Cleveland (1928)

found that termites died at vary¬

ing lengths of time after they were defaunated,

he concluded

that the protozoa in question were necessary for the proper
nutrition of the insects.

He admits,

however,

that certain

protozoa-harboring termites may be found that will live inde¬
finitely on normal diets of wood after they have been defaun¬
ated.
Because termites can live for a long time after the removal
of their intestinal protozoa, and also because protozoa ingest
solid wood particles and are in turn digested in the alimentary

canal of their host, Mansour and Kansour-Bek (1934)

conclude

that the termites use their intestinal protozoa as a direct
end supplementary food source.
It is not possible at this time to consider the role of
microorganisms in the nutrition of the firebrat.
(1915)

Cornwall

reports the presence of gregarine parasites in an

allied species, Lepisma saccharina; while Raff (1933)

reports

the presence of gregarine parasites in Ctenolepisma lineata.
Ho definite observations, however, were made.
work has been done on the subject,

Since little

the following experiments

do not take into consideration the possible role of microorganisms
in the nutrition of the firebrat

Methods of Handling

Stock colonies of adults of Thermobia domestics Packard
were made up of insects captured in the laboratory and surround¬
ing buildings.
to 30 insects,

The stock colony itself was composed of from 10
and was kept in a glass dish,

3 inches deep and

8 inches in diameter, with a ground glass cover.
was Mead*s Cereal and dried lean beef.

The ration fed

The relative humidity

was maintained by the evaporation of distilled water from a small
bottle placed at one side of the dish.

Strips of paper towel,

1/2 inch by 8 inches, were scattered in the bottom of the dish
to provide a place for the insects to hide and to lay eggs.
All cages were kept at 37 degrees C.,

this temperature consti¬

tuting the optimum for this species (Sweetman, 1938).
As eggs were laid, they were removed from the colony dishes
and transferred to small vials.
of 10 to 14 days (Sweetman,

During the incubation period

1938) the eggs were left strictly

alone, particularly preceding and after hatching.

At these

periods the eggs and young nymphs are very delicate and may be
easily injured.
handling,

To prevent excessive loss of life by injury in

the newly emerged young were

left in the vials for a

day or two.
After all of the eggs in one lot had hatched,

the young

nymphs were transferred to a small wide-mouthed bottle,

suspend¬

ed in a sealed glass top pint fruit jar by a piece of cotton
string.

When the top was placed on the jar,

bedded in the rubber ring,

the string was em¬

thus making the jar air-tight.

The
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relative humidity within the fruit jar was maintained by a
saturated solution of sodium sulfate which gives a relative
humidity of 84 per cent at 37 degrees C.,
species (Sweetman,

the optimum for this

1938).

In both the preliminary and advanced experiments,

the cages

were inspected every 3 to 5 days depending upon the rapidity of
the development of mold.

It was found that synthetic rations

containing carbohydrate absorbed moisture in excessive amounts.
This tended to make the inside of the jar sticky and to en¬
tangle and kill the young nymphs.

The difficulty was overcome

by adding a few pieces of silica jel (a commercial preparation
of silica having a pronounced affinity for water)

to the food.

In the advanced experiments, each group was weighed on an
analytical balance, with an accuracy of 1 part in 10,000, at
intervals of from 3 to 10 days.

The gross weight of the group

was then divided by the number of insects to obtain the average
weight of the group.

The rate-of-growth curves in the advanced

experiments are based upon this figure.

Preliminary Experiments.

The preliminary experiments were conducted as part of an
undergraduate course.

Although at that time there was no a-

vailable method of determining the rate of growth,

some suggest¬

ive indications were obtained by comparing the percentage of
survival on the rations given in Fig. 1.
Mead’s Cerial is a proprietary cereal food composed of

-30wheat meal,
beef bone,

oat meal, wheat embryo, yellow corn meal, powdered
dried yeast, powdered dehydrated alfalfa leaf,

chloride and iron salt.

sodium

It has the following chemical analysis;

Protein.. 15$
Pat

•

3$

Carbohydrate ... 72$
Mineral salts • •,. ..

3$

Moisture .

1%>

Vitamins B,

G,

C. traces

Pablum is the cooked form of Mead’s Cereal and has the same
analysis except that vitamin C is absent.
The dried lean beef is raw beefsteak dried at 37 degree C,
and then ground to a fine powder in a mortar.
The casein used in the experiments was a "vitamin-free"
product as purchased from the Casein Corporation of America.
The sucrose and dextrose were chemically pure substances as
purchased from any large chemical supply house.
The lactalbumin was a "commercial" product and probably
carried traces of certain vitamins.
The yeast used is known as Pleischman’s dried brewer’s yeast
The percentage of these substances used in the various ra¬
tions is given in the table in figure 1.

Discussion of Experiments.

The relative survival of Thermobia domestics (Packard) on
various diets at 60 days is given in the graph in figure 1.
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The age of 60 days was selected arbitrarily for the following
reasons:
1.

No deaths occurred on any of the rations
between the 49th day and the 181st day;

2.

Under optimum conditions,

the firebrat may

develop to sexual maturity in 70 days (Sweet.

man,

3.

1958);

Adults may continue to live for periods up to
two years after they have become sexually ma¬
ture, 1.e. when the ovipositor is visible from
a dorsal view, but may die within this interval
undertermined causes.

From these facts,

it was assumed that the relative survival of

the various groups at this stated period must be a fairly good
indication of the adequacy for survival of the various diets.

Table 1,
Age at first reproduction of Thermobia domestica
(Packard) on various diets.
Ration
Age

I

II

208

III

IV

126

100

No
Eggs

V

No
eggs

VI

VII

VIII

No
eggs

No
eggs

No
eggs

The relative survival on Mead's Cereal (Ration I,
was very poor.
(table 1.),

However,

Fig. 1)

reproduction took place at 208 days

indicating that, although this diet does not seem

particularly good for survival,

it was adequate for reproduction

From Ration II composed of Pablum and lean dried beef,

fair

survival was obtained (Fig. l) but it was not possible for repro
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duct ion to occur in this instance since all of the nymphs
that developed were males.

On Ration III,

alone without the beef supplement,

composed of Pablum

reproduction did occur.

It

does not seem possible that beef in this case (Ration II) per¬
mitted the development of male specimens only,

since in later

experiments, both males and females developed on rations con¬
taining beef.

Because the number of specimens in each experi¬

ment was so small,

fertilization did not take place as often

as it might have under optimum conditions (Sweetman, 1958), and
definite conclusions cannot be drawn from these experiments.
Ration IV,

composed of synthetic Ration VI plus lean dried

beef, was satisfactory not only for growth but also for repro¬
duction (Fig. l).

Synthetic ration VI,

if fed alone, without

beef as a supplement, was l©s satisfactory than ration IV for
survival and possible was inadequate for reproduction.
Ration V,

composed of dried lean beef alone, was the most

unsatisfactory of all the rations in this series, both for sur¬
vival (Fig. l) and for reproduction (Table l).

Evidently beef

alone is inadequate for either survival or reproduction, but
does exhibit a beneficial effect when used in conjunction with
an inadequate ration such as VI.
Survival was very good on both rations VII and VIII.

No

apparent difference could be detected between those fed a diet
containing carbohydrate and those fed a diet containing no car¬
bohydrate (Fig. 1).

It is true that reproduction was not ob¬

tained in either case (Table l) but the numbers of specimens in¬
volved are too small to form a satisfactory basis for any de-

finite conclusions.
Summary.
(1) .

Except for beef alone,

all of the rations

used were adequate for survival.
(2) .

Apparently the only foods which were ade¬
quate for reproduction were Meades Cereal,
Pablum, and ration VI plus dried lean beef.
This would suggest that some factor or fac¬
tors common to these three diets is or are
essential for reproduction.
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Advanced Experiments,

The advanced experiments have been arbitrarily divided
into (1)

survival experiments, and (2) growth experiments.

Survival experiments include those rations on which there
was little or no increase in the weight of the insects,

while

growth experiments include all other rations.
(1).

Survival Experiments.
Survival experiments involve those rations on which there

was little or no increase in the weight of the insects.

Deaths

occuring during the first 6 to 8 days are frequently caused by
mechanical injury and should not be considered when the adequacy
of a given diet is judged.
a. Rations inadequate for prolonged survival.
Sweetman (1938)

reports that the firebrat is connabalistic

by nature and therefore may be able to utilize protein.

In

order to determine the food value of the insects that die to the
live specimens,
without food.

one group of newly hatched nymphs was isolated
The dead specimens were left in the cage and were

consumed by the living nymphs.
2)•

27 specimens were started (table

In 10 days, 48 per cent of the nymphs were dead; at 18 days,

the last nymph had died.

Therefore,

all diets on which the

nymphs live appreciably longer than 18 days must contain some
nutritionally essential elements other than those present in the
insect body itself.
Since "vitamin-free” casein (Ration X)
longer than 18 days,

did not maintain life

it is probable that casein alone is not ade-
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Length of life of Thermobia domestica (Packard)
on diets inadequate for long-time survival

No. of
numphs
started

Food and
key no.

Percentage alive
25
50
100
IC
days
days
days
days

Greatest
length
of life

Ho food (IX)

27

48

0

0

0

18

Casein1 (X)

14

86

0

0

0

18

18

100

22

0

0

29

Casein2 (XIl)

15

92

60

0

0

40

Yeast4

17

88

75

0

0

40

14

94

57

0

0

42

Cornstarch plus
salts2 (XV)

11

100

27

27

27

142

La.ct albumin 2
plus salts^ (XVl)

14

100

57

28

7

118

Casein1 plus
salts2 3 (XI)

(XIII)

Laotalbumin*5
(XIV)

1.

Vitamin-free casein obtained from the
Casein Corporation of America.

2.

Osborn-Mendel salt mixture.

3.

Commercial products as purchased

4.

Fleischman»s dried brewer18 yeast

quate for maintenance.

As shown in later experiments (Fig. 2),

the addition of carbohydrate and Osborn-Mendel salt mixture to
"vitamin-free" casein gives a ration which is satisfactory for
both survival and growth.

The combined effects of these sub¬

stances in the ration is far more than the sum of their effects
when fed as the only components of the diet,

indicating that

there are supplementary effects involved.
Wehn "vitamin-free" casein is fed in conjunction with Os¬
born-Mendel salt mixture (Ration Xl),
what,

(table 2)

indicating that deficiencies of the casein were

supplemented to some extent.
XII),

life is prolonged some¬

on the other hand,

Commercial casein alone (Ration

gave better results than did "vitamin-

free" casein when supplemented with Osborn-Mendel salt mixture,
indicating that the vitamins contained in commercial casein are
of more value than the added salts.

Both yeast and commercial

lactalbumin fed alone had approximately the same effect on the
prolongation of life as did commercial casein.
talbumin plus Osborn-Mendel salt mixture,
Osborn-Mendel salt mixture,

Commercial lac¬

and cornstarch plus

seem to be diets which are almost

adequate for survival.
2. Growth experiments,
a. Growth on simplified rations.
The growth curves of five different groups of insects are
given in Fig. 2, and are compared with the weight curve of a
sixth control group on Mead’s Cereal and lean dried beef.
general,

diets IV and XVII,

In

containing beef plus other elements,

gave better growth than synthetic diets VI, XVIII, and XIX,
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without the "beef supplement,

indicating that some factor or

factors are contained in the beef which are not present in the
other three diets.
Ration XVII,

containing protein and salt mixture supple¬

mented by beef ad lib, gave much better growth than did Ration
XI (Rig. l),

similar except that it contained no beef,

indicating

again that beef can supplement an inadequate diet (Pig. 2).
The ration containing cornstarch (XVIIl) did not produce as
good growth as did the rations containing the simpler sugars
(VI and XIX).

This fact is hard to explain in view of the sup¬

position by Turner (1937) that the firebrat feeds mainly on star¬
chy materials.

Possibly the assumption by Cleveland (1928)

that

protozoa are necessary in the nutrition of the termite may also
hold true in the case of the firebrat.

If the firebrat acquires

protozoa only through contact with the feces of adult specimens,
there would be no protozoa in the gut of the nymphs in this ex¬
periment, since the eggs were isolated as they were laid.
case,

In any

the results of this experiment indicate that there are no

enzymes of the amylase group present in the gut of the firebrat.
If starch is utilized,

it must be broken down by the intestinal

protozoa.
Survival was approximately the same on all rations in this
series

(Pig. 2) with the exception of ration XVII.

The survival

on this ration, which contained no carbohydrate, was very low,
possibly indicating that carbohydrate is essential for survival,
since this was the only ration in the group in which this sub¬
stance was lacking.

b.

Rate of growth on Mead’s Cereal plus beef.
Since firebrats have been raised in the laboratory for

three years on diets of Mead’s Cereal plus lean dried beef,

an

experiment was undertaken to determine just how rapidly the ny¬
mphs would gain weight on this diet.

Two groups of wholly dif¬

ferent parentage were fed on this diet to determine how nearly
the rate-of-growth curves of two different groups of insects
fed on the same diet wbuld agree.

The results are in Rig. 3.

It will be seen that the two curves approximate each other very
closely;

the slight general difference may be attributed to the

natural error involved in all biological experiments.

The per¬

centage of survival was approximately the same in both cases.
Mead’s Cerial plus lean dried beef is far superior for growth
to any other diet so far tested, but since reproduction has been
obtained on other diets (table l) maximum growth is apparently
not necessary for reproduction.
c.

The effect of beef and ether extract of beef on the rate of

growth.
An experiment was undertaken to determine whether the active
factors in beef were in the lipid fraction.

(Pig. 4)

An ether

extraction of beef was made (containing the lipid fraction)
mixed with a ration containing dextrose,
Osborn-Mendel salt mixture (ration XXI).

sucrose,

and

casein, and

Two control experiments

were conducted: one was fed the same ration minus the extract of
beef (ration VI); while the other group received sucrose,
ose,

casein,

tion IV).

dextr¬

Osborn-Mendel salt mixture and lean dried beef (Ra¬

The rate of growth on the ration containing the li-
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pid fraction was almost as great as the rate of growth on the
ration containing the whole dried beef,

indicating that at least

some part of the lipid fraction is necessary for growth.

The

rapid acceleration in the rate of growth at 60 days is inex¬
plicable since no deaths occurred at this time.

Survival was

greatest on the ration containing beef and lowest on the ration
containing the ether extract.

Since the food was made sticky

by the addition of the ether extract,

some of the specimens

may have died from this cause.
The results were quite different with young adults (Pig.
5).

A group of young adults which had been reared from hatch¬

ing on Mead?s Cereal plus beef were divided into three groups;
one to be fed on Mead’s Cereal,

another to be fed on Mead’s

Cereal plus ether extract of beef, and a third to be fed on
Mead’s Cereal plus beef.

Since the average weight of each of

the three groups was not the same,

the weight curves do not

coincide at the start of the experiment.
parallel each other,

However,

the curves

indicating that the three groups continued

to increase in weight at approximately the same rate.
experiment,

In this

the addition of the ether extract of beef had no

effect on the rate of growth when compared to that of Mead’s
Cereal alone or to Mead’s Cereal plus beef.

Since Mead’s Ce¬

real plus beef was the only ration which gave 100 per cent sur¬
vival,

these results are very significant, because they indicate

that while the factor or factors contained in the ether extract
of beef are beneficial in the case of young nymphs they do not
*make for better survival.
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d.

The difference in the effect of crystalline vitamin B, and

yeast on the rate of growth.
The necessity of vitamin B in the diet of insects has been
mentioned in the summary of the literature (Sweetman and Palmer,
1928, p
fu8um.

).

They state that the flour beetle, Tribollum con-

is sensitive to amounts as low as 0.5 per cent of the diet

This growth-promoting factor was obtained from a natural source,
but since vitamin Bi as used in this experiment was a pure cry¬
stalline substance,

it was fed at a lower level (0.2 per cent).

The vitamin in question was obtained from the Waltham Chemical
Company, of Boston, Mass.,

and bore the trade name of Betaxin.

Slightly better growth was obtained on the ration containing
vitamin Blt but the survival on this ration was not as good as
on the ration without the vitamin (Pig.

6).

In order to determine whether any other vitamins in th*e B
complex could effect the rate of growth, yeast (containing vi¬
tamins

and G) was added to an inadequate ration of casein,

cornstarch,

and salt mixture.

When the yeast was added,

a shaip

rise in the weight curve occurred, and was of a greater magnitude
than that caused by the addition of vitamin B^•

Although the

basal rations used in these experiments were not the same,
results are vey suggestive,

the

and seem to indicate that more than

one vitamin in the B complex can stimulate growth.

More care¬

fully arranged experiments should be conducted, using the same
basal diet,

to further elucidate this point.

In the second yeast experiment,
of undetermined age, having

two groups of young adults

the same gross weight,

were select-

ed.

These insects had been reared on a diet of Mead’s Cereal

plus lean dried beef.

By comparing the average weight of each

group with the average weight curve on Mead’s Cereal plus beef
(Fig. 3),

it was possible to determine the approximate ages of

the groups in question.
posed of casein,

One of the groups was fed a ration com¬

sucrose and Osborn-Mendel salt mixture, while

the other group received the same ration plus 5 per cent yeast
(Fig. 7).

The weight curve of the group on the diet containing

no yeast fluctuated greatly, but tended to decrease rather than
to increase, while the weight curve of the group on the diet con¬
taining yeast gradually increased.

(Fig. 7)

Possibly the fluc¬

tuations resulted from a loss of weight during molting.

The

survival on the diet containing no yeast was much lower than on
the diet containing yeast,

indicating again that yeast can supple

ment a diet which is inadequate for survival or growth.
In the third yeast experiment (Fig. 8), yeast at two differend levels (5 per cent and 10 per cent) was added to a ration
composed of casein,
mixture and,

sucrose,

dextrose,

crystalline vitamin B^.

and Osborn-Mendel salt

(XXX)

A bend in the weight

curve was obtained, but very little difference was observed in
the rate of growth on the two different levels of yeast,
e.

The effect of "vitamin-free” casein as opposed to commercial

casein on the rate of growth.
The second group had been fed from hatching on a ration of
casein,

sucrose and Osborn-Mendel salt mixture (VI).

This group

was divided into two lots,

one to be fed on lactalbumin,

dextrose and salt mixture,

(ration XXIX)

sucrose,

the other to fed the
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same ration plus 5 per cent yeast.

(XXVIII) A rise in the weight

curve occurred in both cases, but was higher on the diet contain¬
ing the yeast.

This experiment indicates again, not only that

yeast can supplement an inadequate diet but also that commercial
lactalbumin contains a factor or factors which are absent in
"vitamin-free” casein.

These factors are probably contained in

the vitamin contamination of the commercial lactalbumin.
The survival on all rations given in Fig. 8 is very high,
indicating that the rations in question are adequate when eva¬
luated from this standpoint.

Conclusions

A.

Carbohydrates.
The rate of growth was not as great on rations containing

starch as it was on rations containing sucrose or dextrose,

in¬

dicating that starch could not be digested as readily as the
mono- or di-saccharides used in the experiments, and that amylolytic enzymes were apparently absent.
Carbohydrate in some form is necessary, but not in the form
of starch, as was previously supposed to be the case.
B.

Protein.
Protein in some form is an essential component of a complet

ration.

Protein alone however does not maintain life, but when

supplemented with certain other substances such as sucrose and
Osborn-Mendel salt mixture,
C.

Fat.
Fat, as such,

dent,

is adequate for some growth.

however,

is probably unnecessary.

It seems quite evi¬

from the experiments with the ether extract of

beef that some factor associated with fat is essential for nor¬
mal growth,

since no synthetic ration gave good growth unless it

was supplemented with beef or the ether extract of beef.
in most cases protein was already present in excess,

Since

it could

hardly have been this substance which so greatly stimulated
growth.
D.

Mineral Elements.
There was no study made to determine the specific need of

the various mineral elements.

It was determined, however,

that,

as represented by Osborn-Mendel salt mixture, they are essential
and serve as a supplement to an inadequate diet such as casein
and sucrose.
E.

Vitamins.
The necessity of vitamin A was not investigated.

However,

it might possibly have been the presence of a trace of this vit¬
amin in the ether extract of beef that gave the extract its
powerv to supplement growth when added to an inadequate diet.
It was determined that more than one fraction of the B com¬
plex must be essential ,

since yeast (containing the B complex)

supplemented growth to a greater extent than did crystalline
vitamin B^.
Vitamin C is unnecessary since it was not present in the
ration most adequate for survival and growth.

Summary

(1) •

A group of newly hatched nymphs of Thermobia domestica

(Packard)

survived for 18 days on nox food whatsoever except

for that which was obtained from the bodies of dead individuals.
(2) .

"Vitamin-free” casein, when fed alone, had little or no

effect on the prolongation of life of newly hatched nymphs.
(3) .

Commercial casein can prolong life slightly longer than

can "vitamin-free” casein,

indicating that the insects can ob¬

tain some nourishment from the vitamins or other impurities in
the commercial casein.
(4) .

Yeast alone,

casein alone,

commercial lactalbumin alone,

and commercial

all have approximately the same effect on the pro¬

longation of life of newly hatched nymphs.
(5) .

Commercial lactalbumin plus Osborn-Mendel salt mixture, and

cornstarch plus Osborn-Mendel salt mixture seem to be diets al¬
most adequate for prolonged survival.
(6) .

Apparently both yeast and vitamin

can supplement an in¬

adequate diet to a varying degree.
(7) .

Carbohydrate in the form of either mono- or di-saccharides

is essential for prolonged survival and growth.
(8) .

Mead*s Cereal plus beef was the most adequate diet for

growth that was encountered.
(9) .

The ether extract of beef contains some unknown factor

which greatly stimulates the growth of young nunphs.

The rate

of growth of young adults is not stimulated by this factor.
(10) .

The firebrat reacts strongly to the vitamin contamination

—53—
or other impurities of both commercial casein and commercial
lactalbumin.
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